1, Introduction
Tea is a widely popular beverage around the world for centuries. It is estimated that on an average, about 6 g of tea is consumed per day by a 60 kg human being. Tea leaves contain about 55% polyphenols by dry weight. Green lea, popular in the Orient, is a rich source ol llavonoids such as eatechin (C). epicateehin (I:C), epigallocatechin (KGC) and their gallale esters C(i. F,C(i. KCCG, respectively. In black tea. which is more popular in India. Africa. Kurope and the U.S.. the catcchins are converted to complex condensation products, namely theailavins ClT's) and thearubigins (Tils), which impart the brew its characteristic rich color.
tlreen lea and black tea, as well as their extracts ((•TH and BTK) are known to be beneficial to health. HiTtog, Hollman and van de Patte (199 3) . katiyar mill Mukhlar ( 1996) , Keli et al. (1 996) . Tijburg el al. H997), and Zeyiian et al. (199S) have recently summarized the reported role of tea llavonoids in reducing the risk of hyperglycemia, hypeiiipidemia, stioke. cardiovascular diseases, coronary heart disuses and cancer. Vinson et al. (1995) have shown tbat tea tlavonoids are powerful antioxidants (ten-to -' -fold more powerful than vitamin C). using an in vitro oxidation model for heart disease. A major "' chartism that is implicated here is the inhibition ol Wiseman, Halentine and l'rei (1997) . These compounds quench, to varying degrees of efficiency, reactive oxygen species and appear to be 2 X )~ h-2 times more efficient than Trolox in the Rice-Kvans assay of antioxidant ability (Miller et al.. 199 5) .
The anlioxidant properties ol lliesc tea extracts and llavonoids have been monitored by anti large through lipid peroxidalion assays. Their effects on the oxidative damage to DNA and protein molecules have been less monitored-' barring some studies on cellular changes such as sister chromntid exchanges, micronuclei formation, microlillration of strand broken DNA, or <S-hydroxydeoxyguanidiiie adducts or excretion (Xu et al., 1992 : Yokozawa et al., 1992 llasegawa et al.. 1995 : Leanderson, I'aresjo and Tagesson, 1997 : Wei et al.. 1999 . Direct molecular studies evaluating the protective action of tea components against protein and DNA damage would be of value in understanding the underlying mechanisms, particularly in relation to protein associated pathologies such as cataract or prion diseases (Balasubramanian, CTiandani and Sivakarna Sundari, 199S) .
Cataract of the human eye lens accounts for over 42 % of blindness around the world. There are about 1 7 million people today who are cataract blind, and it is estimated that there are 2H 000 new cataract cases every day. People over 50 years of age are most susceptible to this disease, and this population is expected to increase significantly in the near future. Also, even after cataract surgery, some post-operative complications, e.g. posterior capsular opacity, retinal ' .(•. 2001 Academic Press G. THIAGARAJAN ET detachment, conical edema, or endolphthalmitis, are not to be easily dismissed. Thus, cataract requires not just a surgical solution, but a chemical and pharmacological complement as well. Since oxidative stress is a common initiator of many age related conditions. including cataract, chemical approach to delaying the onset or retarding the progression of cataract is valuable. Robertson, Donner and Trevithiek (1989) had compared the sell' reported consumption of supplementary vitamins by 175 cataract patients with tli at of 1 75 individually matched cataract free subjects, and found that the latter group used significantly more supplementary vitamins C and H. In traditional societies, it is more acceptable, accessible and affordable to have antioxidant substances in indigenous, user friendly and user accessible forms than administer them as pills, drugs or capsules. Tea is one such food item that is consumed by a very large number of people across the world, and its potential benefits to the eye are worth studying.
It is with these in mind that we have looked at the in vitro inhibition of oxidative damage to proteins and DNA. by green tea and black tea extracts. In addition, we report on the effect of tea on the development and progress of experimentally induced cataracts on laboratory rats. Our studies show that GTE and HTM (i) inhibit the oxidative cross-linking of test proteins, (ii) inhibit the DNA strand breakage in the nuclei of whole cells and (iiil affect the progress of seleniteinduced cataract in rats. They also show some differences in the behavior of GTE, and HTM, presumably because of the extra components present in the latter and/or the differential levels of glycosidalion of the polyphenols in the two.
Materials and Methods

Preparation oj Tea Extracts
Mxtracts were prepared following the method ol ' Wang et al. (1989) . Mssentially the same extraction procedure has been followed by Leanderson et al. (1997) , who found 47% of the compound mixture to be M(iCG. and by Wei et al. (1999) . Chinese green tea (brand Gunpowder, which is used as a standard) or black tea (Mipton) was suspended in water (7-5 ml g" ' tea, 75 C) for 5 min. and filtered. The tea residue was then suspended in 80% ethanol (7-5 ml g" ', 50 C) and filtered. The procedure was repeated three times, with nitrogen being bubbled through the liquid continuously. The aqueous and ethanolic extracts were pooled and concentrated to 20% of their original volume using a rotary vacuum evaporator. This concentrate was thoroughly mixed with chloroform (1:1 v/v) in a separating funnel, and the aqueous phase collected and extracted three times with ethyl acetate (1 : 1 v/v). The collected ethyl acetate extract was vacuum dried and the green and black tea extract (GTE or BTM) thus obtained was dissolved in water. The concentration of the cxtrtu was determined from the optical density of tl aqueous solution at 270 nm (e.g. 100 U meanii OD of 100).
Reactions usiiuj Siualet Oxijtjcn
The SSS method (Midden and Wang, 1983) w; used to generate singlet oxygen species. Immobilize, sensitizer was prepared by the physical adsorption < Rose Bengal onto diazotized glass beads (Pierc Chemical Co.. Rockford, 1M, U.S.A.). Typically, 0-2 . of the dye was added to 1 g of the beads in > ml u methanol and stirred. The solvent was removed on , rotary evaporator at 40 C. The dry beads were now intense pink in colour. Transparent double-sided adhesive tape was applied to a glass plate, the beads spread over the sticking surface, and the excess beads shaken off. Samples (total volume 125 //I) were placed in the wells of a Hocrner microscopic slide (well volume. 200//I). The wells were covered with the sensitizer coated plates placed with the bead coated surface facing the wells. Samples were illuminated with a 200 W tungsten lamp, the light first passing through a shallow glass tray containing water (to absorb infrared radiation) and a 540 nm lilter, Following irradiation, protein solutions, at a final concentration of 1 mg ml '. were aliquoled al various time intervals and subjected to SDS-PACF. analysis.
Reactions usiiuj lljidroxijl Radicals
The photo-Fenton reagent (Sailo. Takayama and Malsuura, 1990), namely bislhydroperoxylnaphihaldiimidc, which generates hydroxyl radicals upon irradiation, was coaled onto Kieselgcl-60 beads, as described above. The coated beads were added to an aqueous solution of the protein ( 1 mg beads per ml ol solution) in a quart/, cuvette, which was then irradiated al >(->(•> nm (bandwidth 20 nm) for 90 min with constant stirring in the cell compartment of a Hitachi M-4000 spectrofluorimeter. Protein concentration was I mg ml" '. Following irradiation, aliquots of the protein were analysed on SDS-PAGF.
Electron I'arainatinetic Resonance (ETR) Measurements
When riboflavin was used as the radical generator, an aliquot from a stock aqueous solution was added : <> the test solution. When cigarette smoke eondensal s were tried, these were prepared by bubbling smo'f rom one cigarette through 1 ml of 11,0 urn r suction, until 70 mm of the cigarette had hi ' burnt, and used immediately. MPR spectra w <• ' recorded on 1 ml mixtures containing a linal conetration of 50 //M of riboflavin, or 0-7 ml of the sm< c condensate, and 200 01) i7() 11 of GTM in 100 mM : " dimethyl-1-pyrroline-N-oxide (DMl'O), used as c therapy of folic acid plus GBE has shown promise in the treatment of diabetic retinopathy. GBE has been suggested to lead to improvement in long distance visual acuity in human patients suffering from senile macular degeneration (Lebuisson et al.. 1986 ); however Hvans (2000) has suggested that the number ot volunteers being small, the beneficial effect of GBE on retarding the prevention of this disease is yet to be confirmed.
A major mode of damage to lens proteins involves oxidative reactions (Zigler and Goosey. 1981; Zigler et al.. 1985; Young, 1991) . Oxidative and photic stress are thus common factors that lead to compromise in vision and pharmacological means of abating such stress would be useful. In light of the interesting possibilities and applications of GBE, we have monitored its potential as an effective cataractostatic agent.
Materials and Methods
We have worked with the standardized extract preparation called EGb761, made by the Beaufourlpsen Company of France, which contains 24% flavonol glycosides and 6 % terpene lactones, and is used widely by pharmacologists (De Ecudis, 1998) . The sample of EGb761 was a kind gift from Dr Katy Dricu of Beaufour-Ipsen. The rat insulinoma (RIN) cell line m.5F and the rabbit corneal cell line S1RC were obtained from the National Centre for Cell Sciences (NCCS), Pune, India and the human lens epithelial cell (HLE) line SRA01/04 was a gift from Dr Ven Reddy, Kellogg Eye Center, University of Michigan, Ann Arbor, Ml, U.S.A.
Preparation of the Extract
Stock solution of EGb761 (100 mg ml" 1 ) was prepared in water and was used to determine the antioxidant activity as well as for protein cross-linking studies. For experiments with cell lines, solution of EGb761 was made in sterile phosphate buffered saline (FBS) and filtered using a 0-2 urn filter.
ABTS Antioxidant Assay
The ABTS assay was performed based on the procedure ot Miller et al. (1993) . Briefly, when azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) or ABTS is incubated with a peroxidase (such as metmyoglobin) and j^O,, the relatively long-lived radical cation ABTSv. is formed. In the presence of an antioxidant, the absorption of this radical cation (at 734 nm) is quenched. In a typical experiment, ABTS (30 Ml. 5 HIM), 50 ul of metmyoglobin (50 \IM), and 820 ul of phosphate buffer (50 mM, pH 74) [of which 10 ul is replaced with EGb761 (100 mg ml" 1 stock) when the sample is being investigated] are mixed, and the reaction is initiated by the addition of 100 ul of H 2 O 2 (1 mM). The absorbance at 734 nm is measured as a function of time at 5 min. intervals for 30 min.
ESR Spin Trapping Assay
The electron spin resonance (ESR) method of trapping free radicals was also used to study the antioxidant property of EGb761. The free radicals (superoxide or O 2 *" and hydroxyl or *OH were produced using the xanthine/xanthine oxidase system that produces 0,*" under metal-free conditions and *0H in the presence of metal ions (e.g. Fe or Co) and diethylenetriaminepentaacetate (DETAPAC). The radicals were captured in a stable and conveniently measurable manner using the 'spin trap' DMPO (5,5' dimethyl-l-pyrroline-1 -oxide), which produces longlived and stable free radicals that can be measured and quantified, using an X-band ESR spectrometer (Murali Krishna et al., 1991) . The reaction mixture consisted of 0-1 mM xanthine, 50 mM DMPO, 0-1 mM DETAPAC, 0-1 mM FeCl 3 : EDTA, 100 I! ml" 1 catalase and 0-1 U ml" 1 xanthine oxidase. The experiments were performed at ambient temperature, with a 100 kHz modulation of the magnetic field, 10 mW microwave power and 0-2 5 G modulation amplitude.
Assay for Inhibition of Photo-oxidation
The protein bovine pancreatic ribonuclease A, or RNase A, (1 mg ml"" 1 ) was irradiated in the presence of the photosensitizer molecule bis(hydroperoxy)-naphthaldiimide (also called the Photo-Fenton reagent (Guptasarma et al., 1992) , which generates hydroxyl radicals upon irradiation at 366 nm. The reagent was adsorbed on controlled pore glass beads and suspended in the protein solution. The mixture was taken in a fluorescence cuvette, placed in the sample compartment of a Hitachi F25OO spectrofluorimeter, and irradiated at 366 nm for 90 min, by tuning the excitation monochromator to this wavelength, with the excitation slit wide open. The light intensity falling on the sample was estimated earlier to be about 0-5 mW cm'
2 (]0 14 photons incident per sec). The *OH produced generate oxidative crosslinking of the protein, monitored by polyacrylamide gel electrophoresis (PAGE), using 10% acrylamide for setting the gel, and in the presence of 10% sodium dodecylsulfate (SDS) and p-mercaptoethanol. Inhibition of the formation of high molecular weight products by EGb761 was assayed by adding known amounts of the substance to the reaction mixture before irradiation. An identical procedure was adopted for the photosensitized oxidation of RNase A, using riboflavin which, upon irradiation at 445 nm, yields singlet oxygen in high quantum yield (Murali Krishna et al., 1991) . The damage to the protein, and protection by GBE, was monitored by SDS/PAGE.
Assay for Inhibition of Peroxynitritc-mediated Damage
The test protein bovine a-crystallin (1 mg ml" 1 ), was incubated with 1 mM peroxynitrite, with or without 10 mM bicarbonate, and a series of increasing concentrations of EGb761. Peroxynitrite was genei\ ated by reacting ice-cold solutions of NaNO, (0-6 M) with I1 2 O 2 (0-7 M) in acidic medium (0-6 M HC1) ancj rapidly quenched using NaOH (1-5 M). The reaction mixture was stored at -20 t> C, and the 0N0O concentrated in the upper yellow layer was collected. Its concentration was measured using a molar extinction coefficient of 1670 M ' cm"" 1 at 302 nm. Protein cross-linking was studied by SDS/PAGE.
Assay for Anti-apoptotic Activity
The ability of EGb761 to prevent cells from undergoing apoptosis was studied in SIRC rabbit conical cells. When cells were 70% confluent, apoptosis was induced using dexamethasone (1 MM) and EGb761 was added to a final concentration of 50 ug ml"
1 . Cells were incubated at 37°C, in an atmosphere containing 5 % CO 2 , and observed daily for any morphologic changes. After 72 hr of incubation, apoptotic cells were identified using an in situ cell death detection kit from Roche Diagnostics (Cat. #1684817) which is based on the principle of terminal deoxynudeotidyl transferase (TdT)-mediated dUTP nick end labelling, or TUNEL (Gavricli et al., 1992) . The percentage of cells showing apoptosis in untreated cells was compared with Ginkgo treated cells.
Assay of Cytoprotective Ability
The cytoprotective ability of Ginkgo biloba was studied using the MTT assay (Hansen et al., 1989) . After subjecting the cells to oxidative stress (riboflavin-induced in case of 1ILE cells and alloxanrnediated in case of R1N cells) with and without EGb761, cell viability was assayed. The assay is based on the ability of viable cells, but not dead cells, to reduce 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT). This reduction reaction generates dark blue formozan products. After exposing the cells to stress, they were incubated in fresh medium for 18 hr at 37°C and 5% CO 2 . after which 50 ul of 5 mg ml" 1 MTT in PBS was added to 500 ul of medium in each well (cell density 1 x ](P) in a 24-well plate. After 4 hr of incubation at 37°C, the medium was removed and 500 ul of 40 mM HC1/ isopropanol was added to stop MTT reduction. The blue color developed was read at 540 nm.
Assay of Antimicrobial Properties
The antibacterial activity of EGb761 was tested against the test organisms Esdierichia coli (ATCC 25922), Staphylococcus aureus (ATCC 29213) and Pseudomonas aeruginosa (laboratory isolate). The concentrations of the drug tested were 0-1 -20 \xg in regular dosage intervals. Discs containing various concentrations of the drug were placed on Mueller Hinton Agar plates inoculated with the test organisms. The plates were incubated at ^7"C for 24 hr and then observed for zones of inhibition. Next, the antifungal activity of EGb/61 was tested against Curvularia lunata, Fusarium solani and Aspergillus flavus. Fungal cultures were diluted to get an absorbance at 530 nm of 01 and this fungal suspension was further diluted 1:100 in RPMI-1640 medium. Graded concentrations of EGb761 ranging from 01 to 20 ug ml' 1 were added and the tubes observed for growth after 72 hr at 30"C. Thirdly, the antiviral effect of EGb761 was tested against a laboratory isolate of Herpes Simplex virus 1 (HSV1) in SIRC cell line. Monolayers of SIRC cells, grown in a microtiter plate were infected with HSV1 in the presence of 10, 20, 30, 40 and 50 ug ml" 1 of GBE. The plates were observed for cytopathic effect after 48 hr. Finally, the anti-parasitic ability of GBE to affect the growth of the IjCislnnania parasite, L. donovani, was also checked, using the method of Mittra et al., 2000. We thank Dr H. K. Majumder of the Indian Institute of Chemical Biology. Kolkata, India for kind help with this assay.
Effect on the Activity of Antioxidant Enzymes
The effect of the addition of EGb761 on the activities of the five antioxidant enzymes was monitored using the standard assays for catalase (Aebi, 1984) , superoxide dismutase (Misra and Fridovich, 1972) , glutathione S-transferase (Habig el al.. 1974), glutath'one peroxidase (Flohe and Gunzalez. 1984) and glutathione reductase (Akerboom and Sies, 1981) . We thank Dr Bhanu Prakash Reddy of the National Institute of Nutrition, Hyderabad, for help with the assays.
Single Cell Gel Electrophoresis
DNA damage was evaluated by single cell gel electrophoresis, also called the comet assay (Singh et al., 1988) . Cultured HLE cells were trypsinized to obtain a single cell suspension. Cells were irradiated for 1 hr with broad-band visible light in the presence of 2 5 UM riboflavin, with and without EGb761. The cell suspension was then mixed with low melting agarose (2 %, in Ca-and Mg-free PBS) and layered onto frosted glass slides and allowed to gel. Prepared slides were placed in lysing solution (154 mM NaCl, 10 mM EDTA and 0-5% N-lauryl sarcosine, pH 7-0) for 3 min. Slides were then washed in distilled water for 5 min. Electrophoresis was carried out i n buffer containing 0-025 M NaCl and 1 mM EDTA at 7 V cm" 2 , for 3 min. Finally, the slides were washed and stained with ethidium bromide (50 |jg ml" 1 ). UNA damage was visualized using a fluorescence microscope equipped with an excitation filter ol 51 5-560 nm and a barrier filter of 590 nm. DNA migration, nuclear diameter and tail intensity were analyzed.
Induction of Cataract in vivo and the Effect of EGb761
(1) Selenite cataract model. Selenite cataract was induced using a modification of the method of Devamanoharan et al. (1991) . Twenty-six Wistar rat pups (average weight 13-5 g) were randomly grouped as follows: control group (n -8), (jinkcjo group (M = 9), ginkgo-sdemic group (n = 9). Starting from postnatal day 8, the control group was administered i.p. injections of 0-1 ml of sterile physiological saline and the other two groups were administered 50 mg of EGb761 in 0-1 ml of saline. The injections were repeated at 24 hr intervals until postnatal day 20. On post-natal day 10, 30 min after the i.p. injections, sodium selenite dissolved in physiological saline was administered to the control and ginkgo-se\en\[e group subcutaneously in the shoulder to give a dose of 3-2 mg kg" 1 body weight. After their eyes had opened (postnatal day J 5-17), the lenses were observed for cataract with penlight examination, or a slit lamp. The extent of cataract was quantified (Hiraoka and ('lark. 1995) , using the scale of 1-6. When the animals were 6 weeks old, they were killed and the lenses excised. Animal experiments were performed following the NIH Guidelines on the ('are and Use of Laboratory Animals in Research and the ARVO Statement for the Use ol Animals in Ophthalmic and Vision Research.
(2) Phase separation model. The effect; ofEGb761 on the phase separation temperature of fish lens cytoplasm was determined as per Hiraoka et al. (1996) . The whole lens offish was dissected out, cut into small pieces, homogenized at 3 7°C and centrifuged at 20 000 rpm for 1 hr to remove membranes. The resulting homogenate was used to determine the phase separation temperature. A stock solution of EGb761 was prepared in 01 M phosphate buffer. pH 7-0 and one part of this stock solution was mixed with five parts of fish lens homogenate to yield a final extract concentration of 1 5 mg ml"
1 . In the control, the extract was replaced with buffer. The sample tube was placed in a fluorescence spectrophotometer (Hitachi F25OO) with a temperature-controlled circulating water bath and the scatter at 600/600 nm was recorded over the range ol +20 to -6"C. The transition from transparent to opaque was observed as a sharp increase in scatter, which occurred over a narrow temperature range.
The effect of GBE on thermally induced selfaggregation of lens proteins was also studied, in a similar manner. Scatter was recorded over the range of 25-67°C.
Results
Inlwrent Antioxidant Ability of GBE
While there are reports on the possible antioxidant nature of GBR in cell suspensions, tissues, organs and whole animals, the actual molecular effects have not been reported in detail, barring the early pioneering study ol Marcocci et al, (199m oil the antioxidant ability of the standardized extract preparation EGb761. We extend the antioxidant analysis of GBE here, using ESR spin trap assay, and the ABTS assay (Miller et al., 1 993) . Addition of EGb761 (1 mg ml" 1 ) led to a rapid drop in the ABTS absorption at 734 nm within minutes, showing EGb/61 to be an efficient antioxidant.
We then looked into the ability of EG1/761 to quench individual oxyradicals. Fig. Ka) shows that EGb761 is able to quench the ESR signals due to superoxide radicals at concentrations beyond 40 ug ml" 1 . Fig. l(b) shows its ability to quench hydroxyl radicals (•OH). It is seen that higher concentrations of EGb761 are needed to do so. We next tried these ESR spin trap experiments using isolated samples of the terpenoids ginkgolide and bilobalide, and found neither of them reduced these oxyradicals.
Protection by GBE from Oxidative Damaye to Proteins and DNA
Figure 2(a) shows the electrophoresis patterns of the test protein RNase A subjected to oxidative stress by the Photo-Fenton reagent, which generates hydroxyl radicals. EGb761 is seen to be able to inhibit such oxidative damage effectively. In similar experiments, we used riboflavin as the sensitizer which, upon irradiation with 445 nm light, produces reactive oxygen species, predominantly singlet oxygen ('()_,). GBE was able to quench 'O, and protect the protein from damage. Fig. 2(b) shows that GBE is also able to effectively inhibit peroxynitrite-mediated covalent modifications in the test protein bovine a-crystallin. Peroxynitrite (ONOO") reacts with proteins and produces oxidative cross-links as well as degradation products. In the presence of bicarbonate, it efficiently nitrates trp and tyr residues in proteins and also generates the dityrosine cross-link. GBE is seen to inhibit both the reaction pathways. Fig. 3 shows the ability of GBE to protect oxidative strand-breaks in the nuclear DNA in intact human lens epithelial cells. When single cells are electrophoresed, the intact DNA in the nuclei is seen as a compact disk or a 'moon'; when strand break and thus chain scission occurs by oxidative damage, it is visualized as a trailing 'comet' in the electrophoregram. Addition ol CiBH is seen to inhibit the damage to DNA, reduce the trail and restore the 'moon'.
Cytopwtcctivc Ability of GBE
This ability of GBE to be able to enter cells and protect the nuclear DNA led us to study the eytoprotective properties of the extract. We subjected IlLE to riboflavin-induced stress in the absence and presence of EGb7f>l, and assayed the viability of cells using the MTT metabolism method. Fig. 4(a) shows that EGb7f>l protects the cells from permanent damage and keeps them viable. Fig. 4(b) shows that this protective ability is more general. When the R1N cell line is stressed with the diabetogenic agent alloxan for 1 hr, about half the number of cells are killed. Pre-treatrnent of the cells with GBE effectively protects the cells from alloxan insult. But, interestingly, when ginkgo is added 4, or 8 hr ajtcr the removal of the medium, almost 100 % of the cells can be rescued. Even when it is added as late as 1 2 hr, 75 % of the cells can be rescued and made viable, as judged by the MTT assay. It has been suggested that treatment with diabetogenic agents such as alloxan imposes, inter alia, an oxidalive stress on cells (Ollinger and Brunk, 199 5) . The protective action of ginkgo seen here may thus arise, in part, due to its antioxidative ability.
Anti-apoplotic Ability of GBE
Apoptosis in cells can be identified by the characteristic nuclear disintegration and chromatin condensation. Upon TUNEL staining, the nucleus of apoptotic cells stains brown while normal cells appear purple when counterstained with hematoxylin. As Fig. 5 shows, dexamethasone could induce apoptosis in 40% of cells, while cells treated with 50 ug ml" 1 ot EGb761 showed normal cell morphology comparable to untreated control, evincing the protective action ol the extract. Fig. 6 shows that a single subcutaneous injection of selenite to rat pups on postnatal day 10 leads to the
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